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The compu er assisted problem solvjng system (CAPS) administered "homework"

Computer Assisted Problem Solving

Abstract

problem - etS designed to develop'students' computational,. estimation,

piroceddral sk,itis related to importan t concepts ofan introductory, statis-

provided

/

tics course. CAPS generated unique data, judged student performanCe,

, .

hints `about problem solving strategies, and stored-relevr per-
.

.

o

4 ,Jormnce data. A PP-10 computer, with hardcopt and CRT trmir'a,l, s, was

06.

programped to-interact with students,in an
,

q \ .. i

was coded 46 interactive Fortran and packaged so that addit onal items cars

instructional mode. Courseware

'be added easily too e existing problem sets. Aft th

implem6ntation,.stude

loo

i.

.3

semesters of

reection to CAPS is generally f vorable.

t

I
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Computgr A sisted Problem Solving

, Computer ASSisted Problem f olving in an

.. /
IntrOductarylStati

/ .

The computer assit ed problem sOlving.system (CAPS) vias des itgned lo

s Course .

.

2

.help statistics students acquire computat'ob Skills and expefience in

- solving a set o* ra er traditional stati/stiCat exercises: CAPS is but one,
4/

'component of an in tructional systems approach ,used to teeth an introductory

statistics bourse and, as such, needs ,to bedeseribed. Within the context of

the course. o

The course serves a large number of.students with a wide range of

abilities, professional aspirations, and specialities. Some students whos , .

. .

enroll in the Course
,
for example, We not had a mathematics course since

1 . .

high schooi, while others have recently completed college level 'courses._

Some enter the course with a crippling fear of statistics, while oihers,
/

. .

approach
/
it-with breezy confl, dence.

-
/

1
,

in response to theSe needs, the logistics-of. the traditional lecture-
s'

,

discussion course was modified and some new components were added. The to
.

hours per Week lecture-disclussion sessions, and the primary text (Grass'&

Stanley, (970) were reta ed, The lectures were ightened up" somewhat,

and the discussion typically was used to clArify points ralfter than_"enriva°

'y I

.the 'co tent. In preparation' for the class section following lectures,,,about
.

four ays later, all students were required-to take a quiz at, theLrsconvenience

v
on PLATO IV CAI sistem \(Paulson,3 1978).

,

if the student-obtained a &core , -

\-
..:

i'-' ,1 .

of 65-100% correct on4a 10-2'6 item quiz, attendance at4the next stssion w;a-s-7

... ' '' .1 .

.;
. 4

a-
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usually optional; a score of 70-85% correct meant that the student was

strongly-encouraged to attend; and :a score,below 70% required the student

to attend. This class session was usually a prdb)em-oriented, informal
, ,

ler

session.

To assist the student'who had difficultyreading the primary text and .

need more examples of statistics principles, two o the .instructors pre-

pared a programmed text and workbook (Armbruster & Dastrup,'1576). Finally,

'al) students were required to Solvt 20 problem s qh the CAPS system. " This

.

requirement.reOlaced the typical homework problem sets. The proplems were
P

9
..,

designed to test students' abilitiet s to select, compute, and estimate,

.v1.-

statistics with an emphasis on applying them. The CAPS items compiem ted

0
the PLATO quizzes i6 that the quizzes tested firinciples and concepts?

the CAPS items stressed computational exercises relater( to the copce

HOw CAPS Works.

The CAPS procedure started for a student whet% she'took her instr

t
sheet a' d signed on at a DEC.writer or INFOTON CRT terminal connected'.

. .

v
4

1 PDP-10/system: In an. interactive mode, the student received informat
. .

,

how use the 'system, and'a combined index and 1Progress lieportpage
. . /

,

. th
1

e problems. The student first selected a problem to solve whick_was-

-1

_

.
'
'''

printed', after which she signed off the system and attempted to solve t

.

i
Later she signed back onto the system and recorded her answer. If

. '

computer judged the answer to be correct (within'a tolerance described in

the problem) the dent was 'returned to the index page; if it was. incorrect,

a problem solving"hint was provided and the student worked until' the pro lem
,

c

5
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was salved correctly,or the student received four hints.
1 .

is illustrated. in Figure 1. 4
,

\

Insert Figure 1 about here

4

Thai s procedure

Problrem Solving Feedback to Students

,

The CAPS items were classified into two types: (1) estimation probrems
- -

r '. .. 6 .

requiring approxi1 a'tion of a statistic from a graphic representation of

. 's,
. t .. '''. . \

data and (2) computation problems for which there were preferred strategies

of solution. .The basic Inftrdctionar design of CAPS wasp to incorporate
. 's . ' ,

. . ..\ . * .

feedOck strategies for each of these two. types of problems: s

\

s . ,
s

. \
s , .

'1. .For computational problems , four Levels of problem soUving strategies

- .

(hints) were developed. The first hint was simply a restatement of the
;

problem. The excess verbage. was .stripped away and the item was organized

-under the labels "Giveh" and "Problem." Hint 2 wasa-strategy for working

p
......,

. 1 the problem listed iln a series of steps. The strategy is,similar to what

a tutor might use when working with atuderli. .Hint 3-proyided a solution\
-

.
to a-slmirlar4 problerA, including pitei'mediate solutions congruent with the

..,
.%, N

,

steps-provided in Hint 2f Hint 4
.

presented the solution, with intermediate
.

j ''' .
k' -

;...

steps, to the given problem.
. .

To make the hints more meaninpful and to diminish the'-tendency of some
.

,- -

. . "
students

.

to share answers-tile-computer generat ed unique problems for each
...

student. , The basic item format remained the same but the data base changed.,
ft. .!7.

Eaq prob.lem, then, is a one item-domain'referenced test or an item form,, * . e

as described briiively et al. (1973). In this way, students could call for
1 :

as Many:Hint 3's asothey-,Wished,andsee/the prdelem solution with different.,
, . .4-

....._ 1 .
,.

I i

.

data each time. .1,

.

.
1. , ; . Y .

.,1

1!

a
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Two of :the problems Were desig ed .to shacpe

estimate statistics from a large array of data

. .

°Comput4Assistad Problem Solving

, '
5

a student's ability to

I n 'one probleriti.,- ten unique
r,

4 histograms with approximately 60 entries each were displ7ayed,.and-the'stddent

was required to estimg-te the mean and standard deViatio6 of each with

N.

I

tolerances of. approximately 3; and 10.°6 respectively, At least I correct

. eitim4es of the 20 possibilities were required before the prob em was judged'
.

to be completed successfully. About half of the ten histogram represented

distributions with approximate nprmai distributions Aile the emaining ones

/were skewed and/or bimodal.'

In another Problem, ten unique scatterplots with abaUt 2 entries e ch

'were displayed, and the students were requredto estimate th Pearson .

product-moment correlation coefficient within-a tolerance of 05. At

seven correct estimates of-the posiible 10 were required to c mRlete the ,

problem sktessfulry, The coefficients ranged approximately I om +1.
.

-One/other type of problem tested procedural skills. The students were

' required to locate Chi, F, and T statistics in a table With.Pres 'ribed prob-
.

ability and degree of freedom parametel-s. Twelve itemswere presented and

the stud4ts were required to answer them all cotil't°eCtly.,

,_ .

The remaining problems dealt with (1) computation of descriptive sta- ,

tistics such as mean, centile rank, and variance, (2) identific ioh and
. - . ' /

,

I .. c-,
computat4cmof-en-4nferential statist/lc, such as differences bet eepthe

__ -.

means of dependent samples, and (3) Lorrelation and estimation. The index
.

of
.

problems, withabbrevied titles', is shoWn in Figure 2.abbreviated
.

.

4 k,

Insert Figurte 2 about here .

7
.
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1

Students were required to solve al1'20'problem types during the semester

usin*,no more than one hint on each before they could-take the final exam.

Problems could be selected as often as necessary to meet this requirement.

To date,.: CARS has been used f9r,two semesters with approximately 100

students: The remainder of the paper discusses,the preparatiori-and design

6.

of 4he'software and presents evaluation-type data from students.

Hardware Software

A PDP-10 timeshar.ing'computer= (Digital Equipment Corporation) was chosen'''.

to deliver CAPS for two reasons. First, another timesharing computer based

education system had already been used sucessfully for another course

management.project (Alessi et al., 1976; Anderson et al 1974,.1975 a,b). *

We wished to investigate the feasibility of instructionel-delii'very on another

system. Sec9nd, the POP-10 provided a FORTRAN compiler, while,PLATO provides

only the TUTOR language (Sherwood, 1974) which is available only on PLATO.

We wished.to test the feasibility of ati instructiOnal system using the more-I

common FORTRAN langdhge.

The PDP-16-,is a5rOgrammer's computer with verY'poWerful software and

is correspondingly difficult to use.: We 're able to use certain system .

features, however, to make the PDP-10 usuable by studfints with minimal in-.

struction. A student needed only to be able to sign on From the're, the
. v, I

correct programs are automatically executed and the student automatically .

t _

signed off at the end of the session. Subroutines in the program check the

.

form of student responses (i.e, alphabetic versus nuMb;ric) and give the

student meaningful feedback' when incorrect, rather than the usual coded

system error messages meant for programmers.

8
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7

.
.

. , ,,
The CAPS programs consist of a main program with,A number of Overlaying

subroutines., Ihe'subroutines_perform die following functions: 41) .The

itemSubroutines generate data far and display the 20'items (each item,

being s separate subroutine). The datajor any item are generated bra'

randOm number generator seeded by a function of itie student number, item -

number, and how many times the student has tried that item. Odith such a
.

method of data for an in uctor to obtain.the

Illiexact data a parti ular stuldot received on any 'try
,

an item. ' (2) The

till . . 40,
. 4.

student inplit sub,outine is'responsible for acceptjng all student /inputs,
,

1
. ,

.

. ,

checking their form, kind providing help if wrong. (3) Twodiffereot'logoff
,

,

.,, , , .

subroutines log the student off either at the student's request (a *single

keypress available'at any time) or at the end of the session. (4) The

.

answer judging subroutine compares a student response to the correct answer
.

.

--='-
I

calculated by the individual item subroutines, and judges it to -be correct

or incorrect. (5) A few subroutines segregate code that is not standard
.

ANS FORTRAN, which would require modification on other computers. (6) A

'pause' subroutine stops execution of the program to give students time to
a

copy information from the terminal before it dlsoppears. Most students

worked at CRT terminals, and the item display, which. gene'rally fills a'

screen, wouild be partially lost when logout occurs. '(7) An information sub-
.

routine proVides students with a short leson on tie useef the terminal and

the CAPS system. (8) An instructor subroutine provides a facility to inspect

.

any item as it appeared for any student on,any

Su4routines are overlayedbecause'the entire set of programs is too.big
.

to fit in central memory at one time. With overlaying, no student sassion
)

t

9

1,
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8

,
. so".

Upies more than 16.5 kilobytes of cor e.for the main prbgram and necessary

outines. The logoff and'paUsrsubroutines are coded-in MACRO-10, PDP-10

'`d4emb)'4iIanguage. ,All-others are caded in FORTRAN,
. 4

4Ni

- The main program,, always called at login,
,

.performs a variety of functions.

It accesses an individual student't record (determined by the student in-
-,

putting her /his, student number and password) and updates them at 'logoff.

It displays messages fro m the-instructors targejed for any -individual student

or the entire class. It djsplays the index when appropriate, or cells the

'rlecessary item subroutine; lastly, it accesses the logoff subroutines.'

Student records are kept in ,a direct-access disc file. The student

number given at login corresponds to the same number re corein:the file.

The record contains the student's password; scores, levelsif completion,

and number of tries for each of the .twenty i-tems; whether the student has a

message.not yet. seen, and whether the:student has seen-the introductory lin-

formation on the use'of the terminal and CAPS. The record is read in a.t

signin and written out both at logoff and whenever a significant activity

is completed; such-as completing an item. The latter is done to protect

against the loss of data due to sys/em or terminal falcure.
./

Evaluation

In additioh to performance data described previously, we periodically.

ihspeated the data file to track chronologiCally the sequence of items

selected and hints required on_trjals. The procedure is to printIthe data

file every two Weeks during the first 12'weeks and to print it every few

days during the last weeks of the semester as student activity increases.
.,4:4

10.
ob%

*I
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.

The students also completed two questionnaires (att. mWterro%arld tbe end

.of the semester) during the course of the semester whrch includecHtems on

all aspectS of the course - including the CAPS system.` Both,Fall semester

and the first Spring semester questionhaires 'were administered through the

am
PLATO system, for quizzes duronyg the semesters.

.

We have described the revised version,of CAPS which was used during the

second semester of its operation. The evaluation of perfor'mance data from

the first semester, which included student questionnaire res'u'lts Snd an

analysis of costs involved,'resulted in severalcprograrilming changes. Most

t .

of the changes were directed at 'student convepiencq' with, little attention

to cost ,factors. However, the changes did result in a 40%\decrese In the
.

cost per completed item.
/

.
' ,

..; .._

, 1 .

.

Originally, the strategy for CAPS was that a.student.wouldselect an-
,

. . .

I

item and remain on the system while doing the calculations. if he answer .

was judged as incdrrect-,.the.student was shown the first hint in then log-

Al .

ged off the system'io rework the item. After a second oncorrec answer only

/

the second hint was shown and the student was signed off. This sign-in, .

record .an answer, receive i hint irwrong an.a.be sighed off' cycle might

,L../Iperepeafed four times before the student cojid selea another item Since
. r

-.6

the student was requiyed to repeat the item'irmore than one incorrect
_

response was,gixen,:itlwavfelt,that hints 2, 3, and 4 should be avatlable

,after the second sincorrect response rather ,than require four separate sign-
.

- ins to inspect all hints.
'

Another change-was to require that-the students work the probleis off

line. Rather than see the ,itemand work' it, immediately; we programmeithe .

" it
'

Ic

11 .
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4

, .

, 'computer to log the student off after a-two minute.pause. This meant that

:". -lb qo /

, -

we touAd delete the c.ilculaelitr subroutine that we had made available inlan

._., ..'

earlier version. We

',

felt'justified,iwour decision to discontinue:uSing
ft-

,

.
the cal.solator since questionnaire results indicated that more than *50%

,
of

. . y .
, .

6--

..the students never ?ed_theltcalculator and only 10%'used it.regularly..
- 1/ . ---

These'changesvplus the deletion of two items related to concepts not
. ,

,,
. i

taught in the, introductory statistics course resulted in a decrease in cos't

per item and a decrease in. computer connest.time per item during the second

.

semester of. operation, A sumMary'of cost/time data for the first. semester

,

and the first half -the second semester is shown in Figure 3. The basic

charges for PDP-10 use include: '$2.40 'Per connect hour, $1.50 per kilocore

hour,, and $60.00 per CPU hour.. In 'general, the average charge is abOut-$5.00

.
per hour of terminal use during 'normal', editiAng and/or execution of programs.

(

7

InsertFigur,e 3 about here

, .
4 .

,

. .
.

As pne might expect, student reaction to CAPS has ranged froM very
11' .

positive to assertatively negative. Therange of reactions is' captured by
.

'questionnaire data in response to the following multiple choice item embedded

among others related to course,compOnents. The responses were scaled from

42 ,to -2.

The CAPSproblems were:

a. very detrimental
.

b. detrimental

c. neutral
. .

. d. beneficial

) ,

'./:----e Very'beneficial *
.

...,
.

..
l

. 12 "'s

(Assigned Scale)

(-2) .

(-1)

( 0 )
.

`. - 'ow

( F1 )

4
..to

(+2)
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The scaled data for end-of-semester frequencies were compared to the
, .

data for other course components. All items had-the same response choices

listed aboVe for the CAPS item. The scaled dala reSulted in the following ,..,N

rankings:

-Fall Semester
_.

-Spring Semester

Rank Component Rank Component Rants

Ql Workbook 1.74 Workboqk 1.80

2 Lecture . 1.25 Lecture 1.10
4

3: 'PLATO Quizze 1.18 . Problem Session .80

4 CAPS ' 1.04 -PLATO Quizzes .76

5 Problem Session .88 CAPS . 34

6 Primary Textbook , .07 .Primary Textbook -.90

In an open ended questrion,Thtudents were asked twgive their reactions

.to thethe course components. Studentsiresponses Lndicated that the most dis-
.

satisfaction with the CAPS system stems from the inconvenience f locating
I-

-a0 available terminal at a conVenientliae. At least two: students rented
7

.

- terminals for hothe-use since they are available at a nominal cost.
.

..'1111-0ta-Our strategyef allowing only one item at a time to be available

for a studedCmas.designed 'so that 'students would keep- current with the°

lecture took,' students wp opted for fewerOut longersession's had some

difficulty in relating CAPS problems'to class discussions. Pe'riodic
,

in-

spect'ion of student performance data- indicated that some students were 3 - 4

topics behind class discussions. Conseqpently, instructors did not discuss
''

.
7',...

related CAPS problems during the lectures. ----,.
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A i
1

Most student reaction,toCAPS, however, was positive. While some

:
,

m440' e

4

students 'did.not. 'keep'curreut,' most students.reviewed several items prior,
... .

. ,

'to the final exams. All students successfully completed all CAPS iteOs'

..

prior to, the final exam for both semesters. One particular student reaction 1

.1 . .
.

.

,
.

..

deServes mention because it, apture one intent of CAPS: "The CAPS problems
... . -. i..,

, .

.

are useful. In areas I am confident,:they lend support to
,

Confidence. In

pl'oblem areas, they clarifymetflodqlogy (Fall semester)."

Summary

Although we have employed an interactive computer system normally

'used for coding and executing programs, the CAPS system can be(used for

individual problem solving,.with computer assistance if necessary, and cap

11 /

4e ils,q0.fojAndl..00101 ,Sut,olial sessions 4ith the instructor if desired.

Although individual problems were not alwys integrated into the lectures--

nOr was that the ntenttheCAPS system, by providing concrete examples

. )

of concepts taught in class, was an integral .part of these sections of the
.

introductory statistics class.

During the Fall, 1977 semester, the CAPS system was mo ified so that

-
0 f

the item sdbroutines'formed the basis of a problem generati system that

,eras used without student contact with the computer. The instructor wa,able

%.,:ko produce individual problems for his'students with separate answers for his

own use., These minor modifications required that the Instructor interact
.. ;4 44-44' "544 5554.55 v5.5 .04V5 "Y." 55. 5 .4

with the computer while the problems were being produced. We speculate that

the CAPS system could,be modified further so that the items could be run in

sbacchi mode rather than just interactively.
.

-

rS
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l3

The present format of CAPS could be sed by other Mibject matter dis-
,

ciplines which normally assign problem 'set emphasizing application. Such

-'conteilt areas might include accounting, ph sics, and chemistry.

c

z

4.
a `?
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I nde/c of Proklems

a

a

,

topic Hits Topic .Hints

' 1. Cent i lle.rank 2. Percentile
<

3. -Mean 4. Corrected mean

5, Median 16. Snandard deviation

7. Coi-rected varience 8. Z-score

9: T-score 10. Histograms

11. Weighted t-score 12. Normal curve -'SD

3. Normal curve - N 14. / group inferet\ce

15,- 2 group, inference 16. Tables

17. Regression 18. Correlation

, 19. Prediction. 20. Scatterplots
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Fall Semester - 1975

(lb

Month Total cost

Sept. $ 263.29

Oct. - 2-18.53

Nov. 285.14

Dec. 534:80

Terminal hours

79.00

o

. 1.70.74 ,

Total $1301: 76
,

,

.396.73

A

Spring Semester 1976 (p.artia 1 )

Nuniber of i teas.- completed :

50

--' Average per completel item:

Cost $1.74

HoOrs ..53'

tructor/programmer:

Total 'cost - $51:74

Total houri-

..*

Month 'Total cost Terminal hours
.

Numbi lf of items complecd:

Jan. $ 1..11 .17 .217 4r.

,

Feb. 1.71.74 55.45. Average per completed item:.

Mar. 38.82 11:93 Cost - .4

--TOtal $211.67 67.55
Hours .31

Instructor/programmer

Total cost $44.66

)Total hours - 11.18

cAt
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